Purpose Information about the influence of delayed surgery on infectious wound complications is ambiguous. A clinical audit was performed to test the hypothesis that early surgery lowers the rate of infectious wound complications. Secondly we looked at the influence of surgical delay and complications on patient reported functional outcome. Methods All consecutive, closed distal fibular fractures treated surgically with a plate were included and retrospectively analysed for the delay in operation and wound complications. In a second cohort of patients with a AO-Weber Btype ankle fracture outcome was measured using the OlerudMolander ankle score (OMAS), the American Orthopaedic Foot and Ankle Society score (AOFAS) and a visual analog score (VAS) for overall satisfaction. Results Patients treated within one day experienced no wound complications (zero out of 60), whereas in the delayed group 11 % (16/145) did (p=0.004). A similar significant difference was found for the patients treated within one week (2/98) versus after one week (14/107). A systematic review of the literature showed a difference in wound complications of 3.6 % (early) versus 12.9 % (late) (p<0.0001). After 43 months, the median AOFAS was 11.5 points lower in the complication group, the OMAS 10 points, and the VAS 0.5 points, with all differences being statistically significant. Conclusions Every effort should be made to operate on closed ankle fractures as soon as reasonably possible. A delay in surgery is associated with a significant rise in infectious wound complications, which significantly lowers outcome and patient satisfaction. These fractures should preferably be treated within the first day.
Introduction
Ankle fractures represent approximately 10 % of all fractures and are among the most frequently encountered surgically treated fractures [10] . The incidence of ankle fractures has increased up to 300 % in the last 30 years, especially in the elderly population [3, 16] . With increasing rates of comorbidities a concomitant rise in fragility fractures can be expected, which in turn may increase the risk of complications. Surgical treatment of ankle fractures may be accompanied by several complications such as nonunion, malunion, implant failure, and wound complications [12] . The most frequently encountered complications are wound complications, of which infection may have the most devastating effect.
Wound complications that may occur include wound edge necrosis, wound dehiscence, superficial infection, and deep infection (osteomyelitis), and are caused by surgeon, fracture, and patient characteristics. The surgeon characteristics included the timing of surgery [13] , placement of the incision, soft tissue handling [23] , type of implant [19, 26] , and the aftertreatment [31] . The fracture characteristics include, for example, the severity of the fracture and the presence of a breach of skin integrity. The related patient characteristics include, among others, age [18, 20] , obesity [9] , smoking habits [4] , substance abuse [32] , peripheral vascular disease [28] , and diabetes [11, 34] .
Information about the influence of delayed surgery on infectious wound complications is ambiguous. We therefore performed a clinical audit to test the hypothesis that early surgery lowers the rate of infectious wound complications. Secondly we looked at the influence of surgical delay and complications on patient reported functional outcome. This study is a continuation of an investigation in which a series of ankle fractures from the period 2004 to 2009 were studied [26, 33] .
Material and methods
This is a retrospective study of all consecutive patients, between January 1, 2004 and December 31, 2009, in which plating of the fibula in a closed ankle fracture was performed [26] . All patients received antibiotic prophylaxis according to hospital protocol (third generation cephalosporin). The use of a tourniquet was based on surgeon's preferences. Fracture approach, reduction and fixation were according to AO standards as published previously [26] . Closure was performed in two layers, no suction-drains were used.
Delay until operation and wound complications were recorded from the patient files, operation reports, and the picture archiving and communication system (PACS).
Infectious wound complications and the need for elective hardware removal were scored. Wound infection was further separated into superficial or minor and deep or major infectious complications by applying the criteria of the Centres for Disease Control and Prevention (CDC) for defining a surgical site infection [21] . Minor complications were defined as a superficial infection treatable with conservative management such as oral antibiotics only, without the need for intervention or re-admission. Major complications were defined as a deep infection in need of intervention or readmission, such as intravenous antibiotics, removal of hardware, and wound debridement with or without vacuum assisted closure [26] . The differentiation between superficial and deep infection was made by the surgeon or attending physician.
In a second series of consecutive patients aged between 16 and 65 years with an AO-Weber B type ankle fracture, treated between January 2004 and July 2009 [33] , the influence of infectious wound complications on the overall outcome was investigated. Only the Weber-B type fractures were included in order to obtain a more homogenous population. Minimum follow-up was six months. Patient characteristics (i.e., age, gender, diabetes, and smoking habits), fracture characteristics (i.e., fracture side and number of malleoli involved) were recorded. Outcome was measured using standard questionnaires, which consisted of the Olerud-Molander ankle score (OMAS), the American Orthopaedic Foot and Ankle Society anklehindfoot score (AOFAS), and a single question visual analog scale (VAS) for patient satisfaction with outcome. Two patients with a complication other than a wound infection were excluded (n=2; one complex regional pain syndrome and one deep venous thrombosis) in order to compare patients with versus without infectious complications.
Literature search
A literature search was conducted in order to identify studies in which ankle fractures were treated surgically. The electronic databases up to December 1, 2011 of the Cochrane Library, Pubmed Medline, EMbase, and Google Scholar were explored using the combination of the following search terms and Boolean operators: ankle OR fibula AND complication OR infection OR timing. No restriction in language and publication date was applied. In addition, a comprehensive search of reference lists of all identified articles was conducted in order to find additional studies. An article was found eligible when it concerned (1) the surgical treatment of an ankle fracture, (2) reporting of the number of wound complications, and (3) reporting on two groups treated early or delayed. Abstracts from scientific meetings were included in the review, when sufficient data could be extracted on functional outcome or complication rate. The cut-off point for early and delayed surgery, the group sizes, and the number of wound complications were extracted from these publications.
Data analysis
The statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS) version 16.0 (SPSS, Chicago, IL). The Kolmogorov-Smirnov test was used to test for normality of the data. The Levene's test was applied to assess homogeneity of variance between groups. Since most numeric variables did not show normal distribution or equal variance, all items were regarded as nonparametric for the statistical analysis. A Mann-Whitney U-test (numeric data), chi-square analysis or Fisher's exact test (categorical data) was performed in order to assess statistical significance of difference between the number of complications in the early and delayed treated patients, and to test for difference in outcome between groups with and without complications. A p-value <0.05 was taken as level of statistical significance. Numeric data are expressed as medians with P 25 -P 75 ; categorical data are shown as numbers with percentages.
Results

Influence of surgical delay on complications
A total of 205 ankle fractures were treated surgically in the six-year study period. All received plating of the fibula. The number of fractured malleoli was as follows: 117 unimalleolar, 57 bimalleolar, and 31 trimalleolar. There were 26 fracture-dislocations. The median surgical delay was seven days for the entire population (P 25 -P 75 1-11 days).
In the unimalleolar group 22.2 % was treated within the first day (24 h) and in the bi-or trimalleolar group this percentage was 38.6 % (p=0.013). None of the 60 ankle fractures treated within one day developed an infectious wound complication, whereas in the group treated after day one 11 % (16 out of 145) did develop an infectious wound complication (p=0.004). Ten were minor and six were major complications (Fig. 1a) .
When taking one week as the cut-off point for early treatment 43.6 % of the unimalleolar fractures were treated early versus 53.4 % of the bi-or trimalleolar fractures (p= 0.204). Two percent of the patients treated within six days experienced a complication (two out of 98), which were both major complications. Patients treated from day seven experienced an infectious wound complication in 13.1 % of cases (14 out of 107; ten minor and four major), which was a significant difference (p=0.003).
The complication rate in the unimalleolar group was 5.1 % (three minor and three major out of 107 fractures) and in the bi-or trimalleolar group this number was 11.4 % (seven minor and three major out of 88 fractures). This difference was not statistically significant ( Fig. 1b; p=0.118 ). Using a post hoc power analysis the groups needed to be three times the size in order to detect a significant difference (with 80 % power, twosided testing, and an alpha of 0.05). 
Systematic review influence delay on complications
Including the results of our study, 11 publications were included in the literature review (Table 1) . Considering wound complications and the effect of early versus delayed surgical treatment six showed a significant increase when surgery was delayed, two showed a trend for increased complications, and three studies did not find a difference between early and delayed surgery. In the early treatment group 24 events occurred in 673 patients (3.6 %) and in the delayed group 66 events occurred in 513 patients (12.9 %). This difference was statistically significant (P<0.0001).
Influence delay and complications on outcome
The second series was complied of 101 patients with a Weber-B fracture, of which 14 experienced an infectious wound complication. With a median follow-up of 43 (P 25 -P 75 : 29-60) months the overall outcome was significantly influenced by the development of an infectious wound complication. The median AOFAS was 11.5 points lower in the complication group, the OMAS 10 points, and the VAS 0.5 points ( Table 2 ). With the exception of gender the two groups of Weber-B fractures were comparable considering age, BMI, number of fractured malleoli, fracture dislocation, smoking, and diabetes.
Patients with a delay of one day to surgery showed no difference in AOFAS and VAS, but a significant five point reduction in the median OMAS (90 versus 85 points). This five point difference in the OMAS was also present when comparing the groups with a delay of one week, but not significant (p=0.057). The AOFAS and VAS did not differ between these groups.
Discussion
This study shows a significant difference in infectious wound complications for patients treated after a delay for a closed ankle fracture. Independent of the cut-off point of 24 hours or one week the chance of an infection is at least a factor six higher in the delayed group. This difference was also noted in the systematic review where 3.6 % of infectious wound complications occurred compared with 12.9 % in the delayed group. More important this increase in complications has a direct negative effect on functional outcome as measured with three renowned scoring systems.
Previous studies on early versus delayed surgical treatment mainly focus on the length of stay and the concomitant increase in costs (up to 1250 Euro per case) with a longer hospital stay [6, 15, 24] . Others have pointed out an improved rate of anatomical reductions in early management [7, 8] .
Avoiding wound complications is of paramount importance and should receive a high priority. Timing of the surgical stabilisation appears to be a controllable factor to achieve lower complication rates. Another factor that can be influenced is the choice of implant, e.g., thinner plates [26] or fibular nailing [2] in fragility fractures or in patients with comorbidities.
The effect of wound complications in general on outcome has been noted in one previous study with an almost identical duration of follow-up as our study [14] . In that study the major infectious complications (n=2) especially were associated with a worse outcome; however, the exact difference in outcome scores was not reported. Surgical delay was not associated with a poorer outcome in the study by Hoiness et al. [14] , which is in concurrence with a more recent [5] . Our results on the other hand show a lower OMAS in fractures treated after a surgical delay. Other factors, different than trauma and surgical characteristics, which have been identified as negatively influencing outcome are obesity, smoking, alcohol abuse, and a lower level of education [5, 29] . These parameters were not assessed in our study.
A limitation of our study is its retrospective design, as were the studies included in the systematic review. The reasons for postponing the surgical repair were not recorded. In our study it was the policy to plan the fractures electively and to wait for approximately one week to let the swelling settle, which is not uncommon practice [22] . In some cases a conservative treatment was initiated, but because of secondary dislocation a change to surgery was made. In these patients the delay was longer than one week. The percentage of bi-and trimalleolar fractures treated early was higher than the unimalleolar fractures. Thus, the more complex fractures were apparently not postponed more frequently because of soft-tissue problems.
Open fractures form a completely different entity as an orthopaedic emergency and were not included in this study. In case of a fracture-dislocation (n=26) a closed reduction was tried first, which resulted in an early surgical intervention if not successful. If fracture-dislocations were removed from the analyses the difference in complications with cutoff point of one day remained (0/46 vs 14/133; p=0.022), as did the difference with cut-off point of one week (2/81 vs 12/98; p=0.023).
In conclusion, every effort should be made to operate closed ankle fractures as soon as reasonably possible. A delay of more than one week gives a significant rise in infectious wound complications, which significantly lowers functional outcome and patient satisfaction. The fractures should preferably be treated within the first day. Published data also support the view that early operative treatment gives a significant reduction in wound complications and a concomitant improved functional outcome for the patients. 
